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(54) Semiconductor integrated circuit device and apparatus for producing the layout thereof 



(57) The present invention provides a semiconduc- 
tor integrated circuit device, a layout design method and 
apparatus thereof which enable to select an arbitrary 
number of grids in primitive cells and minimize the lay- 
out area. Each primitive cell is constituted by a core por- 
tion having a circuit for realizing a function inherent to 
the primitive cell and a power supply wiring portion for 
electrical connection between the core portion and a 
power supply wiring and electrical connection between 



cores of different primitive cells. A primitive cell small 
group is prepared from a plurality of primitive cells hav- 
ing an identical core portion and different numbers of 
allocatable signal lines in the power supply wiring por- 
tion, so that a primitive cell having an appropriate 
number of signal lines as the power supply wiring por- 
tion is selected for layout 
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Description 

BACKGROUND OF THE INVENTION 

1 . Held of the Invention 

[0001] The present invention relates to a semicon- 
ductor integrated circuit layout method and apparatus 
as well as a semiconductor integrated circuit and in par- 
ticular, to a layout method and apparatus using a primi- 
tive cell. 

2. Description of the Related Art 

[0002] In a semiconductor integrated circuit layout 
design using primitive cells, among basic (minimum) 
cells (called 'primitive cells') constituting transistors and 
logical gates, primitive cells having required functions 
are selected and electrically connected to one another 
to design a semiconductor integrated circuit layout This 
layout design is performed by using a computer or the 
like. 

[0003] Fig. 5 shows a layout example of a layout 
design using primitive cells (also called 'standard cells'). 
[0004] As shown in Fig. 5, the primitive cells have 
no region for arranging a signal line (called Inter-ceil 
signal line') for electrical connection between core por- 
tions of the primitive cells. The inter-cell signal line for 
electrical connection between the primitive cells is wired 
in a wiring region between rows where the primitive 
cells are arranged. 

[0005] In an ordinary semiconductor integrated cir- 
cuit, because of its configuration, the inter-cell signal 
line intersects a power source wiring, and the wiring for 
an inter-cell signal line and wiring for a power source 
are performed over a plurality of layers. A contact is 
arranged for a connection point of the wiring performed 
over a plurality of layers. 

[0006] The inter-cell connection signal line electri- 
cally connecting primitive cells is arranged over a plural- 
ity of layers, requiring a contact. Accordingly, the inter- 
cell connection signal line arrangement is restricted, 
increasing the wiring region area. As a result, it has 
been impossible to reduce the entire layout area of a 
semiconductor integrated circuit. 
[0007] That is, in order to reduce the layout area 
and increase the element density, it is necessary to 
reduce the wiring region area. For example, Japanese 
Patent Publication 6-169016 discloses a primitive cell 
type layout design method for reducing the semiconduc- 
tor chip size and increasing the semiconductor integra- 
tion degree. As shown in Fig. 6, among a plurality of 
primitive cells, a first and a second cell primitive cell 
each having a logic portion to be electrically connected 
to each other have a wiring region for electrical connec- 
tion between the logic portions and the power source. 
[0008] However, in the layout method disclosed in 
the aforementioned publication, there is only a single 



arrangement of inter-cell connection signal lines, i.e., 
there is only one selection of the number of grids. 
Accordingly, it is impossible to optimize the number of 
grids of primitive cells according to a target circuit. As a 
5 result, it is impossible to minimize the layout area. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present inven- 
ts tion to provide a semiconductor integrated circuit device 
enabling to select primitive sell groups having different 
number of grids so as to minimize the layout area, and 
a layout design method and a layout design apparatus. 
[0010] The semiconductor integrated circuit device 
is according to the present invention includes a plurality of 
primitive cells connected electrically, 

each primitive cell being constituted by a core por- 
tion having an electric circuit for realizing a function 

20 inherent to the primitive cell and a power supply wir- 
ing portion for electrical connection between the 
core portion and a predetermined power supply wir- 
ing and between different primitive cells, 
wherein the power supply wiring portion has such a 

25 configuration that an optimal number of wires is 
selected for electrical connection between core por- 
tions of respective primitive cells. 

[0011] Moreover, the layout method of a semicon- 
30 ductor integrated circuit according to the present inven- 
tion is a layout method of a semiconductor integrated 
circuit including primitive cells, each constituted by a 
core portion having an electric circuit for realizing a 
function inherent to the primitive cell and a power supply 
as wiring portion for electrical connection between the core 
portion and a predetermined power supply wiring and 
between different primitive cells, said layout method 
comprising steps of: 

40 storing in a storage unit a plurality of primitive cells 
having an identical core function and different 
number of inter-cell signal lines are defined as a 
primitive cell small group, and 
selecting and allocating a primitive cell having an 

45 appropriate number of inter-cell signal lines allocat- 
able as a power supply wiring portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0012] 

FIG. 1 shows a basic configuration of a primitive 
cell according to an embodiment of the present 
invention. 

55 

Fig. 2 shows configuration examples of primitive 
cells according to an embodiment of the present 
invention. 
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Fig. 3 shows a layout resuft of an embodiment of 
the present invention. 

Fig. 4 explains another embodiment of the present 
invention. 5 

Fig. 5 shows a layout result using conventional 
primitive cells. 

Fig. 6 shows a layout configuration cited from Japa- 10 
nese Patent Publication 6-169016. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

15 

[0013] Description will now be directed to embodi- 
ments of the present invention with reference to the 
attached drawings. In this invention, arrangement of 
inter-cell signal line for electrical connection between 
each of primitive cell is also present inside a primitive 20 
cell. 

[0014] In this embodiment, a set of primitive cells 
includes a plurality of primitive cells having an identical 
function but having different number of grids, i.e., the 
maximum number of inter-cell signal lines which can be 25 
arranged, so that a primitive cell having an appropriate 
number of grids can be selected according to a particu- 
lar purpose. 

[0015] Fig. 1 shows a basic configuration of a prim- 
itive cell. The primitive cell includes a core portion 1 30 
constituting an electric circuit by a transistor or the like 
and a source power supply wiring portion 2 where a 
power supply wiring and an inter-cell signal line are 
arranged. The core portion 1 is a circuit realizing a logic 
function of the primitive cell. If the core is identical, the 35 
function is also identical. Moreover, the core portion 1 
has a wiring area for wiring an inter-cell signal line. 
[0016] The source power supply wiring portion 2 is 
an area for wiring a power supply and an inter-cell sig- 
nal line. The core portion 1 is sandwiched from top and 40 
bottom in the figure by the upper and lower parts of the 
source power supply wiring portion 2. The upper part 
supplies power to a source terminal of a p-channel MOS 
transistor of a high voltage power supply side, and the 
lower part supplies power to a source terminal of n- 45 
channel MOS transistor of a low voltage power supply 
side. 

[0017] The number of grids in a primitive cell is 
determined by a configuration and a total area of the 
region in the core portion 1 and the source power sup- so 
ply wiring portion 2 where an inter-cell signal line can be 
arranged. 

[0018] According to the present embodiment, for 
the same core, a plurality of primitive cells having differ- 
ent number of grids are prepared. Primitive cores hav- 55 
ing the same core but different number of grids 
constitute a small group of primitive cells. 
[0019] According to the layout method of the 



present invention, by selecting a primitive sell having an 
optimal number of grids from each of primitive cell small 
groups, it is possible to increase the wiring efficiency of 
the inter-cell signal line, which in turn reduces the wiring 
channel region to minimize the layout area. 
[0020] In the layout apparatus according to a pre- 
ferred embodiment, a primitive cell includes a core por- 
tion having a circuit for realizing a function inherent to 
the primitive cell and a power supply wiring portion hav- 
ing a region for arranging an inter-cell signal line for con- 
necting the core portion to a power supply wiring and 
connecting between primitive cells. Primitive cells hav- 
ing an identical core portion and different power supply 
wiring portions, i.e., different number of allocatable 
inter-cell signal lines are collected into a primitive cell 
small group. A primitive cell group consisting of plurality 
of primitive cell small groups is stored as a ceil library in 
a storage unit provided in the layout apparatus, so that 
an automatic allocation-wiring unit selects and allocates 
a primitive sell having an appropriate number of signal 
lines allocatable as a power supply portion, from each of 
the primitive cell small groups and performs wiring. 
[0021] In the present invention, a plurality of num- 
bers (values) of allocatable signal lines are assumed as 
a power supply wiring portion of the primitive cell. Prim- 
itive cells corresponding to the respective assumed val- 
ues of the signal lines are selected from the primitive 
cell small group by the automatic allocation-wiring unit. 
The layout apparatus includes a controller for perform- 
ing layout for the assumed values and a layout deter- 
mining unit for introducing a layout using primitive cells 
which minimizes the layout area among the layout 
results. 

[0022] In this invention, primitive cells arranged 
adjacent to each other along a row may share a power 
supply wiring. 

[0023] In this invention, the selection of a primitive 
cell having an allocatable number of signal lines as a 
power supply wiring portion from a primitive cell small 
group and its allocation and wiring process are realized 
by a program executed in a design support apparatus. 
In this invention, the control process of layout of primi- 
tive cells selected from a primitive ceil small group and 
the layout determination process for determining a lay- 
out using primitive cells which minimizes the layout area 
are realized by a program executed in a design support 
apparatus. In this case, the program is read from a stor- 
age medium containing the program or from a commu- 
nication medium for transmitting the program and 
loaded in a main storage of a computer so as to be exe- 
cuted. 

[Examples] 

[0024] Explanation will be given on some examples 
with reference to the attached drawings. Fig. 1 shows a 
layout of a primitive cell as an example. The primitive 
cell has a core portion 1 where an electric circuit is con- 
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stituted by transistors and signal wiring and a source 
power supply portion 2 where the core portion 1 is elec- 
trically connected to a power supply line and other prim- 
itive cells, or other primitive cells are electrically 
connected to each other, i.e., an inter-cell connection 
line is provided. 

[0025] The core portion 1 has a circuit for realizing 
a desired function of the primitive cell and substantially 
determines the operation function of the primitive cell. 
That is, if core portions of primitive cells are identical, 
the primitive cells have identical operation function. The 
core portion 1 can also contain an inter-cell connection 
line. 

[0026] The source power supply wiring portion 2 is 
a region for a power supply wiring and an inter-cell con- 
nection signal line. The number of grids is determined 
by the configuration of source power supply wiring por- 
tion 2. 

[0027] Fig. 2 schematically shows an example of a 
primitive cell group. The primitive cell group is divided 
into primitive cell small groups A, B, and C. 
[0028] For example, the primitive cell small group A 
consists of a plurality of primitive cells having an identi- 
cal operation function and different numbers of grids. 
[0029] The primitive cells A1 , A2, and A3 constitut- 
ing the primitive cell small group A have identical core 
portion 1 and source power supply portions 2-1, 2-2, 2- 
3 have different configurations. 
[0030] Each primitive cell group consists of an arbi- 
trary number of primitive cell small groups and each 
primitive cell small group consists of an arbitrary 
number of primitive cells. 

[0031] From a primitive ceil group, primitive cells 
having an arbitrary number of grids are selected to be 
allocated and wired. This is repeated for a plurality of 
times. From these layout results, the minimum layout is 
selected. 

[0032] An explanation will be given on operation of 
an example of the present invention. In this example, it 
is assumed that a primitive cell to be pre-selected has m 
grids and layout is performed by using only cells having 
m grids in the primitive cell group. 
[0033] The layout design performs cell allocation 
and wiring by using primitive cells having m grids. 
[0034] It is assumed that the resultant layout area is 
M. 

[0035] Next, the number of grids is specified to be n 
and as has been described above, layout is performed 
by using primitive cells having n grids. This layout area 
is assumed to be N. 

[0036] Here, the layout area M is compared to the 
layout area N. From this comparison, a smaller one is 
stored as a selected data This comparison result is 
also used to set the number of grids for the next primi- 
tive cell selection. 

[0037] Subsequently, layout is performed by varying 
the number of grids of primitive cells and the resultant 
area is compared to the data stored. 



[0038] Thus, layout is repeated and it is found that 
the layout area cannot be less than a certain value. 
[0039] This value is the minimum value of the layout 
area and the data stored with this value is set as the 

5 final layout data. 

[0040] Fig. 3 shows a layout result of an example of 
the present invention. An inter-cell connection signal 
line between cell A and cell G is arranged in the source 
power supply wiring portions of primitive cells. 

w [0041] Thus, the inter-cell connection signal line 
need not intersect the power supply wiring of primitive 
cells, reducing the number of wires over a plurality of 
layers and the number of contacts. A wiring over a plu- 
rality of layers and a contact adversely affect the 

is arrangement of the other inter-cell connection signal 
line. By reducing the number of wires over a plurality of 
the layers and the number of contacts, it is possible to 
reduce the layout area used for wiring. 
[0042] Moreover, according to the present inven- 

20 tion, it is possible to select an arbitrary number of grids 
of primitive cells and accordingly, it is possible to pre- 
vent increase of the source power supply wiring portion 
of primitive cells more than necessary and minimize the 
layout area. 

25 [0043] Next, explanation will be given on a second 
example of the present invention. Fig. 4 shows the sec- 
ond example of the present invention. 
[0044] In the second example of the present inven- 
tion, a power supply wiring is shared by primitive celts 

30 adjacent to each other along a row. 

[0045] In this invention, an inter-cell connection sig- 
nal line can be allocated in the source power supply wir- 
ing portion of a primitive cell and accordingly, alt the 
inter-celt connection signal lines are allocated in the 

35 source power supply wiring portions, and power supply 
wiring allocated for each row are shared. 
[0046] In this example, by reducing the number of 
power supply wires, it is possible to reduce the number 
of intersecting points between the inter-cell connection 

40 signal lines and the power supply lines, which in turn 
reduces the number of arrangements of inter-cell con- 
nection signal lines over a plurality of layers and the 
number of contacts. 

[0047] Moreover, it is possible to delete an area of 
45 one power supply wiring between rows. This also 
reduces the layout area. 

[0048] As has been described above, according to 
the present invention, by preparing a plurality of combi- 
nations of source power supply portions for each core 

so portion, so as to constitute a primitive cell small group 
having an identical function and different number of 
grids, it is possible to select primitive cells having an 
optimal number of wires within each primitive cell, thus 
increasing the wiring efficiency of each inter-cell con- 

55 nection signal line, reducing the wiring channel area, 
and reducing the layout area. 

[0049] The invention may be embodied in other 
specific forms without departing from the essential char- 
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acteristic thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictive. All changes which come within the mean- 
ing and range of equivalency of the claims are therefore 
intended to be embraced therein. 

Claims 

1. A semiconductor integrated circuit device having a 
plurality of primitive cells connected electrically, 
wherein 

each primitive cell is constituted by a core por- 
tion having an electric circuit for realizing a 
function inherent to the primitive cell and a 
power supply wiring portion for electrical con- 
nection between the core portion and a prede- 
termined power supply wiring and between 
different primitive cells; and 
the power supply wiring portion has such a 
configuration that an optimal number of wires is 
selected for electrical connection between core 
portions of respective primitive cells. 

2. A semiconductor integrated circuit device as 
claimed in Claim 1 , wherein the power supply wiring 
is arranged so as to be common to a plurality of 
adjacent primitive cells. 



inter-cell signal lines allocatable as the power 
supply wiring portion, selecting a primitive cell 
corresponding to the set value from the primi- 
tive cell small group for temporary layout, and 
5 performing this temporary layout for each of the 

set values, and 

calculating areas of the plurality of semicon- 
ductor integrates circuits obtained by the tem- 
porary layout and selecting a layout which uses 
io primitive cells having a minimum area. 

6. A layout method of a semiconductor integrated cir- 
cuit as claimed in Claim 5, wherein the plurality of 
primitive cells are arranged in a row direction and 

is the power supply wiring is shared by primitive cells 
arranged in two adjacent rows. 

7. A primitive cell type semiconductor integrated cir- 
cuit layout apparatus, wherein each cell is consti- 

20 tuted by a core portion having an electric circuit for 
realizing a function inherent to the primitive cell and 
a power supply wiring portion for electrical connec- 
tion between the core portion and a predetermined 
power supply wiring and between different primitive 

25 cells; and an inter-cell signal line connecting core 
portions of different primitive cells is arranged in the 
power supply wiring portion, the apparatus com- 
prising: 



3. A semiconductor integrated circuit device as 30 
claimed in Claim 2, wherein the plurality of primitive 
cells are arranged in a row direction and the power 
supply wiring is shared by the plurality of primitive 
cells arranged in two adjacent rows. 

35 

4. A layout method of a semiconductor integrated cir- 
cuit comprising primitive cells, each constituted by 
a core portion having an electric circuit for realizing 
a function inherent to the primitive cell and a power 
supply wiring portion for electrical connection 40 
between the core portion and a predetermined 
power supply wiring and between different primitive 
cells, said layout method comprising steps of: 

storing in a storage unit a plurality of primitive 45 
cells having an identical core function and dif- 
ferent number of inter-cell signal lines are 
defined as a primitive cell small group, and 
selecting from the primitive cell small group 
and allocating a primitive cell having an appro- so 
priate number of inter-cell signal lines allocata- 
ble as a power supply wiring portion. 

5. A layout method of a semiconductor integrated cir- 
cuit as claimed in Claim 4, the method further com- ss 
prising steps of: 

setting a plurality of numbers (values) of the 



a cell storage unit for storing as a cell library a 
plurality of primitive cell small groups, each 
consisting of a plurality of primitive cells having 
an identical core portion and different numbers 
of inter-cell signal lines, and 
an allocating-wiring unit for selecting from the 
primitive cell small group a primitive cell having 
an appropriate number of inter-cell signal lines 
allocatable as a power supply wiring portion 
and allocating and wiring the selected primitive 
cell. 

8. A primitive cell type semiconductor integrated cir- 
cuit layout apparatus as claimed in Claim 7, the 
apparatus further comprising: 

a setting unit for setting a plurality of numbers 
(values) of inter-cell signal lines allocatable as 
the power supply wiring portion of the primitive 
cell; 

a layout controller for controlling the allocation- 
wiring unit to select primitive cells correspond- 
ing to the respective values from the primitive 
cell small groups so as to perform temporary 
layout; and 

a layout selector for calculating areas of layout 
results and selecting a layout which uses prim- 
itive cells having a minimum area. 
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9. A primitive cell type semiconductor integrated cir- 
cuit layout apparatus as claimed in Claim 5, 
wherein the primitive cells are arranged in a row 
direction and the power supply wiring is shared by 
primitive cells in two adjacent rows. 5 

10. A design support apparatus for performing layout of 
a primitive cell type semiconductor integrated cir- 
cuit, wherein 

10 

each primitive cell is constituted by a core por- 
tion having an electric circuit for realizing a 
function inherent to the primitive cell and a 
power supply wiring portion for electrical con- 
nection between the core portion and a prede- 15 
termined power supply wiring and between 
different primitive cells; 

the power supply wiring portion is constituted 
by an inter-cell signal line for electrical connec- 
tion between the cores of primitive cells; 20 
the apparatus comprising: 
a cell storage unit for storing a cell library 
including primitive cell small groups each con- 
sisting of primitive cells having an identical core 
function and different numbers of inter-cell sig- 25 
nal lines; and 

a recording medium containing a program for 
selecting, allocating, and wiring primitive cells 
having an appropriate number of inter-cell sig- 
nal lines allocatable as the power supply wiring 30 
portion, on a computer constituting the design 
support apparatus. 

11. A recording medium containing a program to be 
executed by a computer constituting a design sup- as 
port apparatus for performing layout of a primitive 
cell type semiconductor integrated circuit, wherein 

each primitive cell is constituted by a core por- 
tion having an electric circuit for realizing a 40 
function inherent to the primitive cell and a 
power supply wiring portion for electrical con- 
nection between the core portion and a prede- 
termined power supply wiring and between 
different primitive cells; 45 
the design support apparatus comprises cell a 
storage unit for containing as a cell library a 
primitive cell group consisting of primitive cell 
small groups, each including a plurality of prim- 
itive cells having an identical core portion and 50 
different numbers of inter-cell signal lines for 
electrically connecting core portions of different 
cells; 

the program causes the computer to set a plu- 
rality of numbers (values) of inter-cell signal 55 
lines allocatable as power supply wiring por- 
tions in the primitive cells and to perform: 



(a) a layout process for selecting primitive 
cells corresponding to the respective set 
values from the primitive cell small groups, 

(b) a layout control process for repeating 
the layout process of (a) for each of the set 
values, and 

(c) layout selection process for selecting a 
layout which uses primitive cells having a 
minimum area among a plurality of layout 
results. 
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